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PURPOSE: To reduce strain on supply voltage by minimizing variation in current when 
changing the phase of power supply in which a regenerative current is fed back. 

CONSTITUTION: When changing the phases R2, S2 and T2 of power supply in which a 
regenerative current is fed back, one of switching elements SW1-SW6 is turned on before 
the previous one is tumed off. These two switching elements' being on during switching 
operation, represents a short circuit between the phase terminals of the power supply. 
However, the voltage of a phase in which one switching element is to be tumed off is 
almost equal to that of a phase in which another switching element is to be tumed on; 
therefore, variation in voltageis slight. For the reason variation in current is slight as well, 
which minimizes strain on supply voltage. This prevents the malfunctions of electrical 
apparatus and machines connected to the power supply due to strain thereon. 
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DETAILED DESCRIPTION 



pDetailed Description of the Invention] 

- [0001] 

[Industrial Application] This invention relates to the regeneration current feedback control method at 
the time of the power supply regeneration actuation in the inverter equipment for motorised. 

[0002] 

[Description of the Prior Art] As a method of returning regeneration current to a power supply, to 
tiiree-phase power, in the inverter equipment for motorised etc., on-off control of the switching 
element is carried out so that regeneration current may be passed to the phase whose absolute value 
of supply voltage is two [ high ]. Drawing 1 is drawing showing the important section of the means 
related to this power supply regeneration actuation. R, S, and T mean R phase of three-phase power, 
an S phase, and T phase terminal among drawing, and a sign 1 is an inductance containing the 
suspension inductance from AC reactor and this AC reactor to a power supply. SW1-SW6 are 
[ diode and C. of a switching element, and D1-D6 ] DC link capacitors. 

[0003] Drawing 4 is explanatory drawing of the regeneration current control action at the time of the 
power supply regeneration actuation by the conventional method in the configuration mentioned 
above. In drawing 1 , the curve which shows each phase terminal by the side of the power supply of 
an inductance 1 to the maximum upper case in drawing 4 when the terminal by the side of Rl, SI, 
Tl, and a switching element is set to R2, 82, and T2 shows the voltage (each phase voltage of a 
power supply) of terminals R2, S2, and T2, and is indicated under this curve, and **** SW1-SW6 
shows ON/OFF state of a switching element. Moreover, ir The output current of R phase is shown. 
In addition, in drawing 4, only R phase has filled in the power supply noise. 

[0004] When the voltage of R phase of a power supply is the highest, a switching element SWl is set 
to ON, and a switching element SW5 or a switching element SW6 is set to ON (when the voltage of 
an S phase is low No. 1) (when the voltage of T phase is low No. 1), and it is regeneration current ir 
to an R phase-S phase or an R phase-T phase. He is trying to pass. Moreover, when S phase voltage 
is the highest, he sets a switching element SW2 to ON, and is trying for regeneration current to flow 
to an S phase-R phase or an S phase-T phase as switching element SW4 (when for voltage of R 
phase to be low No. 1), or switching element SW6 (when for the voltage of T phase to be low No. 1) 
ON. Furthermore, when T phase voltage is the highest, he sets a switching element SW3 to ON, and 
is trying for regeneration current to flow to a T phase-R phase or T phase-S phase as switching 
element SW4 (when for voltage of R phase to be low No. 1), or switching element SW5 (when for 
the voltage of an S phase to be low No. 1) ON. 

[0005] When one of each of the switching elements SW1-SW6 changes from ON off and other 
switching elements change from OFF to ON, there is slight delay, and a noise occurs to a power 
supply at this time, a [ SWl and SW6 ] in drawing 4 , i.e., switching elements, for example, by ON 
Regeneration current The switching element SWl from DC link voltage side, a terminal R2, the 
inductance L of R phase When regeneration current is flowing in the circuit by the side of a terminal 
Rl, a power supply, a terminal Tl, T phase inductance L, a switching element SW6, and DC link 
voltage. Next, in order for the voltage of the S phase of a power supply to become large and to make 
it return to this S phase, a switching element SWl is turned OFF. When it is made a switching 
element SW2, with the energy which the between where both the switching elements SWl and SW2 
are off was generated between ON in the meantime and off delay, and was accumulated in the 
inductance of R phase and T phase A terminal R2, R phase inductance L, a terminal Rl, a power 
supply, a terminal Tl, T phase inductance L, a terminal T2, a switching element SW6, diode D4, a 
terminal R2, and current flow, a terminal R2 and a terminal T2 will be in the condition of having 
connected too hastily, and the voltage of a terminal R2 and a terminal T2 will become the same. 
Consequendy, as shown in drawing 4 , the voltage of a terminal R2 changes to the midpoint of the 
voltage of the terminal R2 till then, and the voltage of a terminal T2 (in addition, although only the 
power supply noise of R phase is indicated to drawing 4 , the voltage of a terminal T2 also changes 
in a points (in the case of drawing 4, it goes up), and it becomes the same as that of a terminal R2 
and a terminal T2.). 

[0006] And since the voltage of a terminal R2 changes a lot in this way, as it is shown in the bottom 
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of drawing 4 , it is feedback current ir to R phase. It will change rapidly, other switching elements - 
chSg^the time - setting - even if - the same - supply voltage - a strain - bemg generated - 
and feedback current will change rapidly. 

rProb/em(s) to be Solved by the Invention] As mentioned above, by a switching element changing, 
the effect of distortion of this supply voltage sometimes, i.e., other electncal machmery and 
TppSaSs comiected to the power supply concerned when changing the phase of the power supply to 
which regeneration current returns and distortion arose in supply voltage, an ses, and the cause ot 
malfunction ofan electrical machinery and apparatus besides these is made. 
[00081 Then the purpose of this invention is to offer the regeneration current feedback control 
method of decreasing the distortion to the supply voltage produced when changing feedback to 
power supply each phase of regeneration current. 

[m^s for Solving the Problem] In case this invention controls a switching element and changes a 
phase of a power supply which passes regeneration current, it makes small distortion of supply 
voltage generated at the time of a regeneration current change by controlling a s>^tching element to 
make a phase which passed regeneration current until now [ setting predetermined section ], and a 
phase passed next overlap, and to pass to coincidence. 

Suiction] When returning regeneration current, a switching element is changed so that regeneration 
cun-ent may be flowed to tiie phase which is two with the large absolute value of supply voltage. 
Therefore, the voltage of tiie phase which is passing current regeneration current, and the phase 
changed so that regeneration current may flow to a degree is changed, and is sometimes equivalent 
voltaee Consequentiy even if it prepares the section turned on in the switching element turned OFF 
IndiL s^tSgTeLnt turned ON next at coincidence and makes both ends short-circuit, tiiere is 
littie change of voltage and die distortion of supply voltage is suppressed small. Moreover, since 
change of voltage is small, there is also littie change of current. 

[Exlmple] Dmadn&l is explanatory drawing of tiie regeneration current feedback control method of 
rnr^Lill^tiiifrnvention. In tiiis example, it is tiiming ON. before ^^^^^"^l^^^^^ ^ 
element which turned on tiie switching element ftimed on next until now so tiiat it may understand as 

ThaTit Sl^elements SW3 and SW4 are controlled by section displaye^^^^^ 
3 with tiie lowest voltage of a temiinal R2 witii the highest voltage of a terminal T2 as T-R to ON in 
iTertc^asT^egeneration cuirent to T phase and R phase, and regeneration current is passed in lUn 
Sie inductance L of tiie inductance L of a switching element SW3 and ^ P^ase ^ P^er supp^^^^^ 
R phase, and the patii of a switching element SW4. And in tiie section f/^P^^yf J-f^^^ f 
drawing s since the phases witii the large absolute value of supply voltage are T phase and an S 
SStl^dLr to chaSge regeneration cLent so tiiat it may flow from R phase to an S ph^e^ before 
PJ^ turns OFF a svatching element SW4 and tiims OFF a switching element SW4 for a 

switching element SW5 in tiiis case, tiiey turn ON a switching element SW5 Being in tiie con<htion 
Tat both the switching elements SW4 and SW5 short-circuited botii terminals R2 and erminals S2 
h^^e^tarof ON. both-ends child voltage becomes tiie same. However botii-ends child voltage 
changes, and sinc^ it is a sometimes almost equal value, there is little voltage change. In , 
altiiough only change of the voltage of aterminal R2 is shown, voltage of a tenninalS2^^^^^ 
changfs and botii the switching elements SW4 and SW5 become the same [ both voltege of 
terminals R2 and S2 1 in tiie state of ON. Thus, since there is littie voltage change, tiiey are the R 
phTseTurrentr^^^^ current is. There is littie cuirent change (inclination of current), as 

moni Bef^^tching element SW3 becomes ofFbefore changing to the next R-S section a 
Sing e^menrSWl is turned ON. A terminal R2 and a terminal T2 short-circuit, and both-ends 
SfvXt becomes the same. Since tiie voltage difference of the botii-ends child voltage before a 
short drcuft is small also in this case, there is littie change of voltage and also whenever [ change / of 
R ^^aseTu^em^^^ Also whe^ changing to the next R-T section, both the switching elements 
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SW5 and SW6 serve as ON, and short-circuit terminals S2 and T2, but even in this case, since the 
voltage difference of terminals S2 and T2 is small, voltage change is small. In addition, although 
drawing 3 indicates only voltage change of a terminal R2 and has not indicated change of terminals 
S2 and T2, both-ends child voltage serves as the same level. 

[0014] Furthermore, although terminals R2 and S2 are short-circuited and it is set to the same 
voltage level by preparing the section when both the switching elements SWl and SW2 serve as ON, 
also when changing from the section of R-T to the section of following S-T, since the variation is 
small, it is current ir of R phase. Variation is small as shown in drawing 3 . 
[001 5] They are each phase current ir of regeneration current, is, and it as mentioned above. 
Although an absolute value can be decreased, the principle is expluned below. As a representative of 
explanation, the condition of b points of drawing 3 is made into an example, and is explained. 
Dravying 2 is the circuit diagram which expressed the moment in b in dravyine 3 when both the 
switching elements SW2 and SW3 are turned on in direct current. It sets in this condition of b points, 
and is VI. The voltage between Tterminal Rl-1 [ in / at supply voltage / dravying 1 ], and V2 The 
voltage between TSl-1 [ in / at a voltage phase lower than supply voltage / dravying 1 ], and V3 It is 
DC link voltage in drawing 1 on DC link voltage. They are ir, is, and it about the current of R, S, and 
T phase. If it carries out, the one to 3 follovying formula will be materialized. 
[0016] 

V3 -L(dir/dt)-Vl-L(dit/dt) =0 - (1) 
V3 .L(dis/dt)-V2-L(dit/dt) =0 ~ (2) 
(dir/dt) +(dis/dt) = (dit/dt) ~ (3) 

The one to 3 above-mentioned formula (dit/dt) =(2V3-V1-V2) /3L - (4) 
(dir/dt) =(V3-2V1+V2) /3L ~ (5) 
(dis/dt) =(V3r2V2+Vl) /3L - (6) 

Then, V3-V1 =alpha (difference of DC link voltage and supply voltage) 
VI -V2 =beta (voltage difference of the point which advanced the phase) 
When it sets, it is. (dir/dt) =(alpha-beta)/3L - (7) 
(dis/dt) =(alpha+2beta) /3L ~ (8) 
(dit/dt) =(2 alpha+beta) /3L - (9) 

It is Current ir by turning on a switching element SW2 by b points, from the seven above-mentioned 
formula, so that it may be beta>alpha. It can be made to decrease, the R phase current ir from - the 
current which decreased ~ the eight above-mentioned formula ~ current is of an S phase It is 
contained in increment, this actuation - the R phase current ir from ~ the S phase current is Current 
can be switched. Distortion given to the power supply terminal voltage R2 and S2 in this case is 
(R2+S2)/2. . . 

[0017] moreover ~ since it is a thing used as the form which terminals R2 and T2 short-circuited 
when current change which flows to R phase is seen in a points of drawing 4 in tiie conventional 
method corresponding to b points of dravying 3 -L(dir/dt)-Vl-L(dit/dt) =0 ~ (10) 
ir =it it is ~ since ~ (dir/dt) =-Vl / 2L - (1 1) or . 

The value of five formulas and 1 1 formulas is |5 type |-11 1 formula |=| (V3-2V1+V2)/3L|-|-V1 / 2L|, 
when the magnitude of the absolute value is compared, since it is a negatiive value. = {(-V3+2V1- 
V2) /3L} - (VI / 2L) 
= (V1-2V3-2V2) /6L - (12) 

Twelve formulas show that it is <(|5 type |-|1 1 formula |) 0. This has [ five formulas ] a smaller 
absolute value, namely, it is shown that this invention of current change is smaller, and it is shown 
that distortion of the voltage which this gives to a power supply in the case of a current change is 
more small. 

[0018] As mentioned above, in this invention, when changing feedback to power supply each phase 
of regeneration current, current change (inclination of current) can be suppressed small and the 
distortion to supply voltage can be decreased. In addition, altiiough the section turned on with the 
switching element which brings forward the timing of ON of tiie switching element made to tiim on 
next, and is made to turn off was prepared in the above-mentioned example, off timing of the 
switching element turned off conversely is made late, and you may make it prepare the section 
turned on with the svyitching element turned on next. When the location of b points of drawing 3 
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explains, for example, in this example Although the section when a switching element SWl is turned 
OFF at, a switching element SW2 is turned ON before it at, and both two switching elements SWl 
and SW2 are turned on is prepared when moving from the condition that the voltage of R phase is 
high No. 1 to the condition that the voltage of No. 1 of an S phase becomes high Carry out small 
extension of the timing turned off switching element SWl to the field of the S-T section in the 
condition that the voltage of No. 1 of an S phase becomes high, and it turns OFF. When the phase to 
which No. 1 voltage becomes high changes from R phase to an S phase, you may make it a 
switching element SW2 form the section when it turns ON at and both the switching elements SWl 
and SW2 serve as ON. 
[0019] 

[Effect of the Invention] Since this invention suppresses current change (inclination of current) small 
and decreases the distortion to supply voltage when changing the phase of the power supply to which 
regeneration current returns, it can make small effect by distortion of supply voltage at other 
electrical machinery and apparatus connected to the power supply concerned, and can lessen 
malfunction of an electrical machineiy and apparatus besides these etc. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A regeneration current feedback control method characterized by making a phase which 
passed the setting predetermined section and former regeneration current, and a phase passed next 
overiap, and making coincidence pass in case a phase of a power supply which passes regeneration 
current is changed in a regeneration current feedback control method at the time of power supply 
regeneration actuation. 

[Claim 2] The regeneration current-feedback control method of controlling switching element ON / 
OFF to be turned on the switching element for intercepting the flow of the regeneration current to the 
phase chosen by turning OFF a switching element in the regeneration current-feedback control 
method which chooses the phase of the power supply which is made turned on / turning off a 
switching element and passes regeneration current at the time of power supply regeneration 
actuation, and passing regeneration current to the following phase in setting predetermined section 
both switching elements of both at the time of the change of the switching element carry out to ON. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the important section of the means related to the power supply 
regeneration actuation in the inverter equipment for motorised which applies one example of this 
invention. 

[Drawing 2] It is explanatory drawing of the regeneration current feedback control method at the 
time of the power supply regeneration actuation in one example of this invention. 
[Drawing 3] It is explanatory drawing which analyzes the flow of the current at the time of ON / oflF 
change rate of the switching element in the same example. 

[Drawing 4] It is explanatory drawing of the regeneration current feedback control method at the 
time of the conventional power supply regeneration actuation. 
[Description of Notations] 

1 Inductance Containing AC Reactor and Suspension Inductance 

SW 1 -S W6 Switching element 

C DC link capacitor 

R Power supply R phase 

S Power supply S phase 

T Power supply T phase 
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